Gated in vivo examination of cardiac metabolites with 31P nuclear magnetic resonance.
Phosphorus-31 nuclear magnetic resonance (31P NMR) spectroscopy was used to study the temporal aspects of metabolism of canine heart in vivo. An NMR catheter coil was passed through the jugular vein of a dog into the apex of the right ventricle, and spectra were recorded at four points in the cardiac cycle by triggering from the blood pressure trace of the animal. The 31P spin-lattice relaxation times of phosphocreatine (PC) and the gamma-, alpha-, and beta-phosphates of ATP at 1.89 Tesla are 4.4, 1.8, 1.7, and 1.6 s, respectively. The ratio of PC to ATP is 2.0. No changes in PC/ATP were noted in any of the four portions of the cardiac cycle examined, and difference spectra exhibited no observable signals, in contrast to previously reported results for glucose-perfused rat hearts. On the assumption that intracellular pH and the total creatine pool were constant, the equilibrium expression for the creatine kinase reaction was used to deduce that free ADP concentrations were invariant throughout the cardiac cycle. This is in apparent disagreement with the proposed regulatory role for ADP in heart oxidative phosphorylation.